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The method presented to detect and quantify the porosity value 
content of composite materials is part of a development effort to 
establish an integrated ultrasonic evaluat ion system 1. The overall 
research effort aims to automate the NOE process and predict 
mechanical and structural properties of composite materials using 
NOE techniques. The ultrasonic NOE technique used herein is based 
on digitized waveforms obtained from pulse-echo scans. For the fast 
integration of new algorithms into the system, a software framework 
was created with compatability between the signal and image 
processing modules. The porosity volume content of the test 
specimens is related to statistical properties of the ultrasonic 
data rather than to the ultrasonic attenuation with respect to 
frequency2. 
MATERIAL CHARACTERIZATION 
To analyze the effect of porosity on the properties of the 
material, four quasi-isotropic (02/±45/902)2s CFRP laminates with 
a nominal thickness of 4 mm were fabricated according to the 
conditions in Table 1. 
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Table 1. Fabrication conditions for the four laminate types. 
Laminate Id Autoclave cycle 
A Very few bleeder layers 
B Very few bleeder layers, no vacuum applied 
C Fewer bleeder layers than standard c~cle 
D Standard cycle 
The test coupons were ultrasonically scanned along an xy-grid 
using ultrasonic pulse-echo techniques. The digitized waveforms 
were stored for further evaluat ion by the analysis software. 
Collaged photographs that covered the entire sample section were 
reconstructed from photomicrographs obtained at 50x. The 
photographs were used to evaluate the fiber volume fraction, along 
with the distribution of voids and resin rich areas. 
Photomicrographs at 100x were used to analyze structural details. 
Mechanical and structural properties of the test specimen are 
summarized in Table 2. 
Table 2. Mechanical and Structural Properties of the test specimen. 
Type Thickness Fiber Vol. Content Porosity ISS 
rom (%) (%) N/rom2 
A 4.9 50 1-2 46 
B 5.3 50 > 2 57 
C 4.1 55 < 1 71 
D 4.1 60 -O 86 
The analysis software presents the results as either two- or 
three-dimensional images or graphs. Several ultrasonic databases 
can be evaluated simultaneously to compare the results of different 
scans. To produce ultrasonic images, the user determines the range 
of data values he wants to evaluate by setting agate on the 
waveform. This is essentially the same process as setting a time 
window on an oscilloscope to determine the range for a peak 
detector in a conventional C-scan3 . 
After the gate is set, different algorithms can be applied to 
the data in the selected range. The chosen algorithm is 
subsequently applied to all waveforms in the database. The result 
of the algorithm is mapped into a two-dimensional image using 
colors or gray scale tones. By pointing at specific image locations 
with the mouse, the original complete ultrasonic waveforms is 
retrieved from the ultrasonic database 4 and displayed on the 
screen. To evaluate multiple waveform subranges simultaneously, a 
single gate is divided into the desired number of sub-gates 
yielding an equal number of images. The algorithm therefore 
produces an image for each sub-gate depicting a well defined 
port ion of the thickness of the scanned material. 
Various image enhancement methods can be used to emphasize and 
extract detailed informat ion once the images are obtained from the 
algorithms5 . Two-dimensional images can be displayed as a three-
dimensional collection of layers or as a volume to realistically 
display the location of flaws within the material. 
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Figure la. A-type Figure 1b. D-type 
Figure 1. Three-dimensiona1 histogram of type A and D 1aminates. 
To preview the statistical properties of the complete 
u1trasonic database qua1itatively, three-dimensional histograms can 
be utilized. The number of occurrences of waveform values in the 
database is color coded in proportion to the deviat ion from the 
reference waveform. The histograms shown below are created with the 
median waveform of the database as reference. Three-dimensional 
histograms provide a means of detecting the presence of porosity 
within a material. The porosity content is represented by the 
standard deviat ion of the ali ultrasonic waveforms from a 
reference. A porous material exhibits a relatively wide histogram 
whereas a void free material shows very little deviation from the 
reference waveform values (Figure 1). Figure la shows the three-
dimensional histogram of a type A laminate with a high degree of 
porosity (table 1) on the left; Figure 1b depicts a low porosity 
type D laminate on the right. Single large voids would cause local 
deviation peaks. The continuous deviaticn exhibited in Figure la 
and 1b suggests the presence of diffused porosity in the composite. 
Figure 2a. A-type Figure 2b. D-type 
Figure 2. Ultrasonic images of type A and O laminates. 
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Figure 3a. A-type Figure 3b. D-type 
Figure 3. Standard deviat ion graphs of type A and D laminates. 
Figure 2 shows two images of the same material as displayed in 
Figure 1. The images depict a range 0.6 us to 0.8 us from the front 
surface reflection, approximately equivalent to the material region 
extending from 0.9 mm to 1.2 mm from the surface of the laminate. 
The light regions in the image are caused by ultrasonic reflections 
from porosities or voids in the material. Thus the high porosity 
content of the A type material presented by the image in Figure 2a 
exhibits a much larger area in lighter color tones than the D type 
material image on the right. 
Figure 3 displays the plot of the standard deviation of the 
ultrasonic waveforms from a reference waveform. The material with 
the high porosity content illustrated in Figure 3a exhibits a 
stronger deviat ion than the low porosity material in Figure 3b 
throughout the thickness except for the back surface area. The 
Figure 4a. A-type Figure 4b. D-type 
Figure 4. Integrated standard deviation graphs of type A and D 
laminates. 
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deviat ion in the back surface region is mostly caused by thickness 
variations of the composite. A lower porosity content means that 
less ultrasonic energy will be scattered within the material and 
thus the amplitude of the back surface reflection will be higher 
than for a material with high porosity content. The back surface 
reflection is a measure of the ultrasonic attenuation and can 
therefore be used as a quantitative measure of the global porosity 
volume content of the materia13 . A different method of quantifying 
porosity content is given by the integrat ion of the standard 
deviat ion graphs shown in Figure 3. 
Figure 4 displays such integral curves. The slope of the curve 
is critically influenced by the porosity content of the material. 
SUMMARY 
In addition to the visualization of the scan results, the images 
become active interfaces to the waveform database. Once an image is 
obtained from the ultrasonic data, a pointer device such as a mouse 
can be used to recall the original waveform from which the image 
value was calculated. The images obtained from various forms of 
waveform processing may be evaluated thrugh a detailed examination 
of the waveform database. Multiple evaluat ion methods can be 
applied without having to re-scan the material. Different 
representation methods aid in the understanding of ultrasonic 
properties of scan data. 3 dimensional histograms indicate the 
presence of diffused porosity in a composite material. Standard 
deviation and integrated standard deviat ion are an alternative 
methods for quantifying the porosity content of composite 
materials . 
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